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Abstract

This research work has been conducted using three different available biodegradable waste
materials: Cow Dung, Poultry Dropping and Food Waste from Dutsinma Local Government,
Katsina State to produce biogas. To achieve this, three biogas plants were set up with each
Digester (A, B and C) containing each of the Cow Dung, Poultry Dropping and Food Waste
respectively, while the fermentation approach was adopted. The physiochemical analysis of the
substrates were carried out with the pH value in this study ranging between 7.42-8.02, 6.77-7.46
and 4.80-6.81 within the retention time of 31 days for cow dung, poultry droppings and food
waste respectively. The value of moisture content for this experiment ranges from 12.93-20.86 %
while the volatile solid of the substrate mixture in this study ranges from 33.17-39.42 % with the
highest value in that of Poultry Droppings. The higher the volatile solids, the higher the
conversion rate of biomass to biogas, because of the quantity of the volatile solids is the
biodegradable portion of the waste. More so, the result shows that poultry droppings has the
highest cumulative biogas yield of 15235 L after thirty-one days while cow dung and food waste
had cumulative biogas yield of 7781.8 L and 3463.33 L respectively. This result shows that
poultry droppings generates more gas with higher generation rate and energy content when

compared to cow dung and food waste respectively.
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1.0 Introduction

Biogas technology is the application of the process that is based on the bacterial
fermentation of organic materials such as cow dung, poultry droppings among others, in the
absence of air, to produce a flammable gas that can be put to various end-uses. The materials
used for the Biogas production are usually subjected to anaerobic fermentation in a biogas plant
and the gas produced is known as biogas. Chemically, biogas is composed mainly of 60%
methane (flammable component) and 40% carbon dioxide (Charles et al., 2003). The benefits of
biogas technology at the community level include the utilization of biogas for cooking, water
heating and lighting. When produced in large quantities, biogas can also be used to generate
electricity (Biogas Handbook, 2008). Additionally the fermented manure residues from the
biogas plant contain significant amounts of nitrogen, phosphorus and potassium and can thus be

used as organic fertilizer for a variety of crops.

Besides, biogas technology has the potential to alleviate poverty providing substitutes
for expensive fuels and commercial fertilizers, improving agric/aqua-cultural yields, reducing
local deforestation, creating jobs and income as well as strengthening the
indigenous technological know-how (Bhat et al., 2001). Despite the availability of many
technologically feasible sources of energy generation, the Nigerian supply mix is positively
skewed in favour of the dominance of thermal and other non-green sources such as fuel wood. A
need therefore exists for the country to seek for better ways of diversifying and improving the
composition of its energy source so that it can engender a more efficient supply mix (Mshandete

and Parawira 2009), particularly that Nigeria as a country is currently facing energy crises.
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The use of Biogas technology to address energy supply gaps is quite popular among Developing
Countries. Since the early 1970s countries like India, Nepal, Taiwan, Ethiopia, Korea, Tanzania,
Kenya and Uganda among others have successfully introduced the technology to serve their
energy needs. One of the documented early evidence of Nigeria’s adoption of biogas project
include the establishment of a 10 m® biogas plant in Nsukka, Enugu State in the Southern part of
Nigeria. In the Northern part, the National Agricultural Research Institute NAPRI (an affiliate of
Ahmadu Bello University, Zaria) based in Zaria also constructed a 20 m® plants in 1996. There is
evidence of UNDP sponsored projects in some other parts of the North like Yobe, Kebbi and

Kano State.

Katsina State, where the Federal University Dutsinma is situated is one of the most
environmentally endangered States where desertification is a major problem. Recent report has it
that thousands of square kilometers have been lost to desert encroachment in Katsina and some
other Northern Nigerian states (Jaiyeoba, 2002). Despite this, the use of fuel wood still
represents a major source of energy in the State: a practice that further compounds its
vulnerability. It is against this background that a shift from the non-green source of energy
supply like fuel wood to environmentally friendlier form like biogas will be highly needed and
welcomed. This present research work seek to investigate the comparison of biogas production
from different locally source waste materials in Dutsin-Ma Local Government area, Katsina

State.

2.0  Materials and Method
2.1  Sourcing for Raw Materials and Fermentation Processes

Raw materials for the biogas production were obtained using methods of Mosleh et al., (2011).

This involves the collection of poultry droppings from poultry farms, cow dung from abattoirs
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and food wastes from restaurants for biodegradation. These were transported by truck to the site
of biogas production. The moisture content of the raw material was determined by water to waste
ratios used for digester charging. The experimental slurry taken with total solid concentration of
7% by mixing fermented biodegradable waste to initiate anaerobic fermentation process. The
cumulative biogas production was collected in liters. The experiment wall batch is operated
under atmospheric temperature conditions. Characterizing parameters of the gas produced was
checked daily using gas flow meter, pH-meter, etc. The slurry temperatures were monitored
throughout the period of gas production using the thermometer. The Schematic Plant Layout of

the three Groups of Digesters designed for this research is shown in figure 1.0.
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Figure 1.0: Schematic Plant Layout of the Three Groups of Digesters
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Figure 1.1: The Pilot site with four digesters and gas bags.

The central part of an anaerobic biogas plant is an enclosed tank known as the digester. This is
an airtight tank filled with the organic waste, and which can be emptied of digested slurry with
some means of catching the produced gas. Design differences mainly depend on the type of
organic waste to be used as raw material, the temperatures to be used in digestion and the
materials available for construction. Systems intended for the digestion of liquid or suspended
solid wastes are mostly filled or emptied using pumps and pipe work. It has the advantage of
being able to consume more solid matter as well, such as chopped vegetable waste, which would
block a pump very quickly. This provides extra carbon to the system and raises the efficiency of

cow dung as a major source of biocatalyst.

2.2  Continuous and Batch Feeding

The complete anaerobic digestion of biodegradable wastes and manures takes about 4 weeks at
normally warm temperatures (above 25°C). One-third of the total biogas was produced in the
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first week, another quarter in the second week and the remainder of the biogas production was
spread over the remaining 2 weeks. Hence for accelerated and consistent gas production we
employed the approach of continuous feeding of the digester with small amounts of waste
(mostly liquids) on a weekly basis. This will also preserve the nitrogen level in the slurry for use
as fertilizer. Similarly, as the old slurry (effluent) removed for use as manure, new charge which
are mostly solids are added. The tank is then resealed and ready for operation. These procedures
were carried out on a weekly basis for 31 days under consideration on the three groups of

digesters respectively.

2.3 Stirring, Temperature Control and Gas Collection

The digesters were always stirred on a daily basis to ensure optimum performance. Stirring the
slurry in a digester was always advantageous else the slurry will tend to settle out and form a
hard scum on the surface, which will prevent release of the biogas. It was necessary to keep the
digester at the ideal temperature, as a result the digesters was sited in an open space making it
exposed to the natural solar energy. The temperature was regularly measured. The biogas in an
anaerobic digester was collected in an inverted drums/gas bags. The walls of the drum extend
down into the slurry to provide a seal. The drum is free to move to accommodate more or less
gas as needed. The weight of the drum provides the pressure on the gas system to create flow.

The biogas flows through a small hole in the roof of the drum

3.0  Results and Discussion
3.1  Physiochemical properties of the various substrates

Table 1 shows physiochemical properties of the various substrates of cow dung, poultry
droppings and food waste respectively. Our result have been compared with reported results by

other researchers as shown on Table 2. The pH value (Table 2) in this study ranges from 4.80 —
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8.02 within the retention time of 31 days for cow dung, poultry droppings and food waste
respectively. Comparing with what was reported by Ofuefule et al., (2009), Ofuefule and
Onukwuli, (2010) and Uzodinmah et al., (2011), the pH results is within the range for anaerobic

digestion of animal wastes.

Also Table 2 shows that moisture content is a function of total solid, (TS), therefore, the effect of
moisture content on biogas generation is almost the same. The value of moisture content for this
experiment ranges between 12.93-20.86 % which seems to be in range when compared with
(Uzodinmah et al., 2009) in his experiment of co-digestion of cassava peel blend with animal
waste. The volatile solid of the substrate mixture in this study ranges between 33.17-39.42 %
(Table 2). This result was in accordance with (Ofuefule and Onukwuli, (2010)’s report but not up
to optimum for high biogas yield according to (Uzodinmah et al., 2011) in co-digestion of maize
bract and bioorganic waste. The higher the volatile solids, the higher the conversion rate of
biomass to biogas, because of the quantity of the volatile solids is the biodegradable portion of
the waste. Li et al., (2010) reported that there was close correlation between degradation of
organic matters and biogas production and the change of volatile solids (VS) removal

corresponded to that of gas production rate.

Table 1: Physiochemical properties of the various substrates

Parameters Cow dung Poultry droppings Food waste
Moisture content (%) 17.54 20.86 12.93
Total solids (%) 75.7 80.12 85.85
Volatile solids (%) 33.17 39.42 37.98
pH (Digesters) 7.42-8.02 6.77-7.46 4.80-6.81
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Table 2: Comparison of our result with others reported In Literature
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Various sources and finding

Experimental | Cassava Peels with Maize Bract and Water Maize Chaff and
Experimental Result of Animal Wastes Biogenic Waste Hyacinth Poultry Droppings
conditions FUDMA (Ofuefule et al., (Uzodinma et al., (Ofuefule et (Usmanetal.,
Research 2009) 2011) al., 2010) 2012)
Retention time
(days) 31 30 35 32 17
pH 4.80-8.02 5.68-8.11 4.87 -8.20 6.20-7.40 -
Moist tent
o ”'(r; )Con ®M 1 12.95-20.86 6.70 - 58.05 5.6 —38.85 3.40 - 47.24 -
0
Volatile Solids (%) | 33.17 —39.42 7.02-41.52 33.55-93.99 20.18 -33.65 10-75
Total solids (%) 75.70-85.85 13.95-77.38 61.55—-94.40 52.76 - 96.6 6—10.7
Temperature (°C) 22 -38 25.3-42 23.5-38 25-36 30-60
Methane
W 56.5-64.2 54 -57 77.16 —83.48 60.0-71.0 58.7-63.2
composition (%)

3.2  Biogas Yield

Bio-digesters were run for 31 days while considering anaerobic digestion of cow dung, poultry

droppings and food waste respectively. The plot of biogas production against time (days) for

various substrates for the experiments are shown graphically in the figure 2 and it was observed

that biogas yield increases with number of days (time).

The initial anaerobic digestion of cow dung started production in the third day of digestion with a

yield of 230.3L while that of food waste and poultry droppings started production earlier in the

second day with yields of 221.75L and 316L respectively. Production rate increased gradually to

309.1L vyield of biogas in the nineteenth day for the cow dung substrate, and decreased gradually

afterwards as a result of gradual drop in ambient temperature. Production rate for the food waste
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substrate also increased gradually till the sixth day yielding a peak amount of 330L biogas, and
decreased gradually till the ninth day after which daily production of biogas stopped. It was
observed the stop in production for the food waste digester was as a result of drop in the pH level
of digester beyond gas production limit. Production rate for the poultry droppings also increased

gradually till the twenty-ninth day yielding a peak amount of 735L biogas.

The inactivity of the process at initial retention time is probably due to the methanogens
undergoing a metamorphic growth process (Dhaghat, 2001; Elijah et al., 2009). It is generally
agreed that at the initial stages of the overall process of biogas production, acid forming bacteria
produces volatile fatty acids (VFA) resulting in declining pH and diminishing growth of
methanogen bacteria (Cuzin et al., 1992). The appreciable biogas production rate experienced
within the retention time was as a result of recharging the digesters with new substrates at a
weekly interval. From figure 3, it was observed that poultry droppings has the highest cumulative

biogas yield of 15235L after thirty-one days while cow dung and food waste had cumulative

biogas yield of 7781.8L and 3463.33L respectively.
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Figure 2: Testing the Flammability of the gas
3.3  Effect of temperature on biogas production

All the experiments were carried out under daily mean ambient temperature range throughout the
period of gas production. The results of the experiments were obtained for the 31 days due to
influence of external microbes from the starter culture. Figure 4 shows the relationship between
temperatures with retention time. The temperature of the system was fluctuating with time from
the graph obtained. The operation was based on ambient temperature of the environment, the
temperature of the digester ranged from 22 to 33 °C in the mornings and 23 to 38 °C in the
afternoons for the three scenarios respectively. This had effect on biogas yield. The methane
formation process is extremely sensitive to temperature alternation, Methanogens are known to
be temperature sensitive and digestion studies undertaken during the cold or rainy seasons would
generally produce lower volume of gas than those undertaken during the hot or sunny seasons

(Bori et al., 2007).
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Figure 3: The relationship between daily biogas yields with time

Commulative Biogas Yield
16000

14000 //
12000

10000

8000 @ammmcow dung

6000 essmwfood waste

Biogas Yield (LT)

4000 esmm=mpoultry droppings

2000

0 5 10 15 20 25 30 35
Time (Days)

Figure 4: Cumulative Biogas yield with time
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4.0 Conclusion

It had been established from the result on figure 4, that poultry droppings has the highest
cumulative biogas yield of 15235L after thirty-one days while cow dung and food waste had
cumulative biogas yield of 7781.8L and 3463.33L respectively, hence using poultry droppings
generates more gas with higher generation rate and energy content as compared to cow dung and
food waste respectively. However, cow dung has one advantage over poultry droppings as it can
be used to generate gas over a longer period of time even though the generation rate is lower
when compared to poultry droppings. Work is ongoing in the area of quality and applicability of

the generated gas for preservation of perishable fruits, vegetables and legumes.
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